Characterization of upper urinary tract urothelial lesions in patients with gross hematuria using diffusion-weighted MRI: A prospective study  by Shebel, Haytham et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2014) 45, 943–948Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLECharacterization of upper urinary tract
urothelial lesions in patients with gross hematuria
using diﬀusion-weighted MRI: A prospective study* Corresponding author. Tel.: +20 01224528564.
E-mail address: dr.galalelhawary@gmail.com (G. Elhawary).
Peer review under responsibility of Egyptian Society of Radiology and
Nuclear Medicine.
0378-603X  2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear Medicine.
http://dx.doi.org/10.1016/j.ejrnm.2014.05.009Open access under CC BY-NC-ND license.Haytham Shebel a, Galal Elhawary b,*, Khaled Sheir c, Amina Sultan ba Urology and nephrology centre, Radiodiagnosis department, Mansoura faculty of medicine, Mansoura University, Egypt
b Radiodiagnosis department, Mansoura faculty of medicine, Mansoura University
c Urology and nephrology centre, Urology department, Mansoura faculty of medicine, Mansoura UniversityReceived 24 April 2014; accepted 13 May 2014
Available online 21 June 2014KEYWORDS
Hematuria;
Diffusion-weighted MRI;
UrothelialAbstract Objective: Our objective was to evaluate the utility of diffusion-weighted MRI (DWI)
and apparent diffusion coefﬁcient (ADC) values in differentiation between malignant and non
malignant lesions of the upper urinary tract in patients with gross hematuria.
Methods: We prospectively evaluated 51 patients with gross hematuria. The MRI sequences
included T1, T2 weighted spin echo imaging and DWI with calculating ADC values of each
detected lesion. Two radiologists independently reviewed the imaging sequences. The reference stan-
dard was established on the basis of histopathology. The agreement between two reviewers was
tested by K statistics. Group comparison was completed with the Kruskal–Wallis test for ADC val-
ues and the Mann–Whitney U test. Furthermore, the diagnostic performance was evaluated by
using the area under the curve (AUC) of receiver operating characteristic (ROC) curve analysis.
Results: DWI had higher sensitivity and speciﬁcity for both reviewers reviewer 1 [94%, 77%] and
reviewer 2 [89% and 77%] over conventional sequences [T1 and T2] reviewer 1 [86%, 77%] and
reviewer 2 [84% and 69%], respectively. Interobserver agreement was good (K= 0.79) using DWI.
AUC was 89% and ROC curve revealed that a value of 1.5 · 103 mm2/s is the most signiﬁcant cut
off value with highest sensitivity and speciﬁcity 79% and 82% respectively in differentiation
between malignant and non malignant lesions.
Conclusion: DWI had high sensitivity and accuracy in detection of upper urinary tract urothelial
lesions and could also be used in differentiation between malignant and non malignant lesions of
upper urinary tract lesions in patients with gross hematuria.
944 H. Shebel et al.Advances in knowledge: To our knowledge this is the ﬁrst prospective study that included benign
lesions and tried to differentiate between malignant and non malignant lesions of the upper urinary
tract.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND  license.1. Introduction
Gross hematuria from the upper urinary tract lesions is a sign
of signiﬁcant urologic problems. The urologic causes of hema-
turia could be due to malignant or non malignant conditions.
Different investigations are required to determine the exact
cause of this hematuria including laboratory, urological and
radiological examinations. The main concern of the investiga-
tion is to determine the nature of this hematuria. Is it benign or
malignant in origin? (1).
Transitional cell carcinoma (TCC)of the upper urinary tract is
one of the most important causes of gross hematuria. Transi-
tional cell carcinoma accounts for approximately 10% of upper
urinary tract malignancy (2). Computed tomography (CT) is
commonly recommended as the initial radiologic approach for
evaluating hematuria (1,2). MDCT urography proved to be of
high sensitivity in the detection of urothelial lesions however,
small lesions smaller than 5 mm are difﬁcult to be seen (3).More-
over, the hazards of ionizing radiation and iodinated contrast
media are other factors contributing to the limitation of CT (4).
Non speciﬁc infection of the upper urinary tract is another
factor contributing to gross hematuria (1). The imaging ﬁnd-
ings could be similar to those of the upper urothelial tumor
such as mural thickening and mural nodularity .The differen-
tiation between malignant and non malignant causes remains
a challenge facing the imaging modalities (5,6).
Diffusion weight MR- Imaging (DWI) is a functional imag-
ing technique which measures microscopic mobility of water
molecules in the tissues. This mobility, is caused by thermal
motion and is highly inﬂuenced by the cellular environment
of water. Thus, ﬁndings on DW-MRI can reﬂect biologic
abnormalities of the underlying tissues. Diffusion-weighted
(DWI) MR imaging is an established method used in the diag-
nosis of acute stroke and extra cranial tumors, such as hepatic,
renal, prostatic, colonic, and bladder tumors (7–11).
Recently diffusion weight MR-Imaging (DWI) has been
applied and reported by some studies as a sensitive technique in
the diagnosis of upper urinary tract cancer (12–14).Most of these
studies were retrospective and evaluated already diagnosed cases
of upper urinary tract urothelial cancer detected either by com-
puted tomography or by retrograde pyelography and some of
them correlated the (ADC) values with tumor staging (15). In this
prospective study, our aim was to evaluate the usefulness of the
DWI and ADC values in differentiation between malignant and
nonmalignant lesions of high signal intensity in the upper urinary
tract patients with gross hematuria.
2. Materials and methods
2.1. Patients
Our institutional ethics committee approved the study proto-
col. Informed consent was obtained from all patients. Onehundred and twenty consecutive patients who presented with
gross hematuria were referred to our outpatient clinic with
suspected upper urinary tract pathology between January
2012 and March 2013. Exclusion criteria included upper
urinary tract parenchymal tumors or stones, lower urinary
tract tumors, history of urinary tract trauma, contraindica-
tions to MR imaging (e.g., pacemaker or metallic prostheses)
and refusal to consent to the study. So the total number of
excluded cases was 69 patients and the remaining 51 patients
(38 (74%) men and 13 (25%) women) of ages 55–73 years with
a mean of 61.2 years were included in this study.
Out of the 51 patients, 14 (27%) had positive ultrasound
ﬁndings (echogenic mass in the renal pelvis or one of the major
calyces, mural echogenic nodules or abnormal mural thicken-
ing) in the dilated collecting system. All patients were referred
to do MRI study before any urological intervention.
2.2. MRI technique
The MRI study was performed using a 1.5-T MR imager
(Signa Horizon; GE Medical Systems, Milwaukee, WI).
Initially T1-weighted MRI sequence was done with the follow-
ing parameters: time of repetition (TR), 170 ms; time to echo
(TE), 2.3 ms; section thickness, 4 mm; intersection gap,
0 mm; matrix, 256 · 160; number of excitations (NEX), 2; ﬁeld
of view (FOV), 36 cm, then T2-weighted MRI sequence was
done with the following parameters: time of repetition (TR),
10,000–14,000 ms; time to echo (TE), 80–90 ms; section thick-
ness, 4 mm; intersection gap, 0 mm; matrix, 256 · 160; number
of excitations (NEX), 2; ﬁeld of view (FOV), 36 cm; the next
sequence was DW images (DWI) with the patient breathing
freely and the images were obtained in the axial and coronal
planes by using a body coil and a mono directional gradient
multisection fast spin-echo echo planar sequence (8000/61.2;
bandwidth, 142 kHz; matrix, 256 · 256; section thickness,
3–5 mm; intersection gap, 0 mm; ﬁeld of view, 36 cm; water
signals acquired with b values of 0 and 800 s/mm2).
2.3. Image analysis
Images were analyzed by using dedicated software (FuncTool;
GE Medical Systems). Two radiologists were employed each
with at least 10 years of experience, in reading body MR
images, who were aware that patients were complaining of
hematuria but were blinded to patient results of retrograde
pyelography, urinary cytology and other forms of imaging
data. They analyzed all images independently. The scenario
of image analysis was started by reviewing the T1- and T2-
weighted images. Any lesion seen like a mass, nodule or
abnormal mural thickening inside the upper urinary tract on
both T1- and T2-weighted images was considered a positive
ﬁnding. The next phase was the revision of the DWI data in
correspondence with positive ﬁndings detected on both
Fig. 1 42 year old man with left renal mass detected by
ultrasound. (A) Coronal T2 spin echo image shows a fairly
deﬁned soft tissue lesion occupying intracalyceal groups of the mid
zone and lower calyces. (B) Coronal DWI shows restricted
diffusion of the same lesion seen in A which has become more
deﬁned (arrow), histopathology revealed grade III TCC.
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detected in the DWI and not detected in the conventional
sequences. DWI was analyzed using dedicated software
(FuncTool; GE Medical Systems). Any high signal lesion
inside the upper urinary tract was considered a positive ﬁnd-
ing. ADC values for detected lesions as well as normal renal
parenchyma were calculated by using a circular region of
interest (ROI), that was positioned over the lesion or the
parenchyma and did not extend beyond their border in the
coronal ADC maps. ADC values were calculated using
the following formula: ADC= ln (S/S0)/(b  b0), where S0
and S are the signal intensities, obtained with two different
diffusion gradient values (b0 and b; 0 and 800 s/mm
2, respec-
tively). ADC values were calculated on the basis of pixel-
by-pixel analysis.
2.5.1. Reference standard
The ﬁnal diagnosis and the reference standard were established
on the basis of preoperative retrograde pyelography and endo-
scopic biopsy and a postoperative pathology specimen report.
2.5.2. Statistical analysis
Data were analyzed using the SPSS software (version 15; SPSS
Inc., Chicago, Ill). To evaluate the performance and agreement
of the two reviewers at identifying upper urinary tract lesions,
we applied K statistics. A K of less than 0.20 was considered
poor; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good;
and 0.81–1.00, excellent. Statistical comparisons were per-
formed for various ADC values of different urothelial lesions.
Group comparison was completed with the Kruskal–Wallis
test for ADC values. When the test was statistically signiﬁcant,
pairwise comparisons were made with the Mann–Whitney U
test. Test results were considered signiﬁcant at p< 0.05. To
evaluate the diagnostic validity of the ADC value in different
types of urothelial lesions (benign or malignant), we tried to
calculate the cutoff point of highest sensitivity, speciﬁcity,
and predictive values. Furthermore, the diagnostic perfor-
mance was evaluated by using the area under the curve
(AUC) of receiver operating characteristic (ROC) curve
analysis.
3. Results
By using reference standard tests urothelial cancer was diag-
nosed in 23(45%) cases and treated by nephroureterectomy
Fig. 1. Non speciﬁc infection was diagnosed in 15 (29%) cases
diagnosed by retrograde pyelography, cytology and biopsy
from suspicious areas Figs. 2 and 3, those diagnosed cases were
treated medically and clinical follow up for 3 months revealed
the disappearance of symptoms and MRI study within the
same period revealed absence of the previously diagnosed sus-
picious area either in T2 WI or DWI sequences. The sensitiv-
ity, speciﬁcity, positive and negative predictive values and
total accuracy of the DWI in detection of the lesions are signif-
icantly higher than those of T1and T2 WI MR Imaging for
both reviewers (p< 0.01 for both protocols for reviewer 1
and p 6 0.01 and p= 0.02 for reviewer 2 for both protocols)
with the data for each observer are summarized in Table 1.
The interobserver agreement was good (K= 0.79) using DWI.
ADC values were calculated retrospectively. Both reviewers
had 3 false positive lesions while false negative lesions wereseen in 2 cases for reviewer 1 and 4 cases for reviewer 2. The
range (mean ± standard deviation (SD) of the ADC values
(·103 mm2/s). The mean ADC value of normal renal paren-
chyma was 1.9–2.7 [2.22 + 0.14], which was signiﬁcantly
higher (p< 0.001) than those of renal pelvic or ureteric tumor
(1.1 · 103 mm2/s; range, 0.18–1.3 · 103 mm2) while in the
case of inﬂammatory lesions mean ADC value (1.5 ·
103 mm2/s; range, 1.3–2.5 · 103 mm2) was signiﬁcantly
higher (p< 0.001) than those of renal or pelvic tumor. The
site, number of average ADC values of the lesions are
given in Table 2 .The diagnostic performance for discriminat-
ing inﬂammatory lesions from urothelial tumors using
ADC values was highly signiﬁcant Fig. 4 where AUC was
89% and ROC curve analysis revealed that a value of
1.5 · 103 mm2/s is the most signiﬁcant cut off value
with highest sensitivity and speciﬁcity of 79% and 82%,
respectively.
Fig. 2 32 year old man with solitary right kidney. (A) Coronal
T2 spin echo image shows right hydronephrosis with fairly
abnormal signal (due to stricture) seen along the course of the
right upper lumbar ureter (arrow). (B) Coronal DWI of the same
patient shows a long segment of restricted diffusion at the upper
lumbar ureter (retrograde pyelography revealed long segment
stricture associated with chronic non speciﬁc ureteritis).
Fig. 3 35 year old man with obstructed right kidney. (A) Axial
T2 image shows hydronephrosis of the right kidney with dilated
renal pelvis and abnormal signal intensity inside. (B) Coronal
DWI shows restricted diffusion of the dilated renal pelvis and
calyces of the right kidney (retrograde pyelography revealed long
infected hydronephrosis of the right kidney).
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Recently MRI has been used by a number of retrospective
studies to assess already diagnosed cases of upper urinary tract
urothelial cancer using the DWI technique (13–15). This tech-
nique studies the motion of the water molecule in the extracel-
lular and intracellular spaces of viable tissues.The degree of restriction to water diffusion in biologic tis-
sue is inversely correlated to the tissue cellularity and the integ-
rity of cell membranes. The motion of water molecules is more
restricted in tissues with a high cellular density associated with
numerous intact cell membranes (e.g., tumor tissue) (16,17).
Apparent diffusion coefﬁcient (ADC) measures the quantity
of the diffusion movement in these spaces. Many authors
reported the normal signal pattern of the renal parenchyma
and urine described as free diffusion. Also, they measured their
ADC values. Since a malignant tumor often has a larger cell
diameter and is cellularly denser than the normal tissue the
ADC values of tumors may decrease (18,19).
Both upper urinary tract cancer and infection may give the
same ﬁndings in the cross sectional imaging and the problem
solving tool in this situation is an invasive procedure such as
retrograde pyelo-ureterography using cystoscopy (5,13). We
sought that, since a malignant tumor often has a larger cell
diameter and is cellularly denser than normal or inﬂammatory
tissues, the ADC values of tumors may decrease to a degree
that could be differentiated from those of inﬂammatory
lesions.
Our results revealed that DWI showed higher sensitivity
and accuracy in detection of the upper urinary tract lesions
Table 1 Summary of data collected by each observer
Parameters DWI T1 and T2 WI
Reviewer 1 Reviewer 2 Reviewer 1 Reviewer 2
Sensitivity % (36/38)94 (34/38)89 (33/38)86 (32/38)84
Speciﬁcity % (10/13)77 (10/13)77 (10/13)77 (9/13)69
Positive predictive value (PPV) (36/39)92 (34/37)91.8 (33/36)91.6 (32/36)88.8
Negative predictive value (NPV) (10/12)83 (10/14)71 (10/15)66.6 (9/15) 60
Accuracy (46/51)88 (44/51)86 (43/51)84 (41/51)80
Table 2 Sites and ADC values of different urothelial group
lesions
Sites and ADC values of diﬀerent urothelial group lesions
Pathology Site Mean of ADC
Pelvis Ureter
Tumor 13 10 1.1
Infection 6 9 1.5
Fig. 4 Box and Whisker chart shows comparison of apparent
diffusion coefﬁcient (ADC) between tumors and infection cases.
Mean ADC of the tumor cases was signiﬁcantly lower than those
cases of infection. Boxes show 25th–75th percentile, horizontal
line indicates median.
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Positive predictive value for lesion detection is comparable in
both DWI and conventional sequences [T1 and T2]. The neg-
ative predictive values are signiﬁcantly higher about (83% and
71%) for reviewer 1 and reviewer 2, respectively in DWI than
that of T1 and T2 sequences (66% and 60%) for both
reviewer1 and reviewer 2, respectively. These results indicate
that DWI is a superior negative tool over the conventional
sequences in lesion detection regardless the nature of this
lesion. These results are in agreement with Yoshida et al.
(14) who studied only upper urinary tract urothelial cancer
in their prospective study and reported the excellent diagnostic
ability of the DWI as a noninvasive technique. Also, Takeuchi
et al. (20) demonstrated the feasibility of this method for the
detection of ureteral tumors, using DWI with diffusion gradi-
ent b value of 800 s/mm2. In these two reports, they demon-
strated signiﬁcantly lower ADC values of the tumors than ofthe normal surrounding tissues. Their results as well as ours
can be explained by the higher difference in signals between
the lesions and normal parenchyma and urine on DWI than
on conventional sequences.
The mean ADC values in our study of all lesions whether
malignant or inﬂammatory were signiﬁcantly lower than that
of the renal parenchyma. The mean ADC values of urothelial
tumors were signiﬁcantly lower than inﬂammatory cells
(p= 0.01) and using ROC curve analysis differentiating
inﬂammatory lesions from urothelial cancer revealed a high
value of area under curve of 0.89. Using a cut off value of
ADC 1.5 is of high sensitivity and speciﬁcity 79% and 82%
respectively in differentiating inﬂammatory lesions from uro-
thelial cancer. This indicates that the ADC value of high signal
lesion in DWI can predict and characterize the nature of the
lesions in the upper urinary tract; when it is more than 1.5,
it is more likely to be of benign nature than urothelial cancer.
Our study has limitations. First, we did not apply a contrast
study for our patients and this is because contrast enhance-
ment can occur in both situations of cancer and inﬂammatory
lesions. Some authors as Yoshida et al. (14) reported that
dynamic contrast enhancement examination could not provide
a signiﬁcant improvement in the diagnosis of upper urinary
tract cancer. Also this technique requires longer time, higher
cost and a possible risk of complications from gadolinium
based contrast media. Second, we did not evaluate the nature
of tumor grading in this study as other authors (15) did. Actu-
ally this was not aim of this study.
In conclusion, DWI could be considered as an excellent
screening noninvasive tool in patients with suspicious upper
urinary tract lesions in a short time of examination without
exposure to possible risk of contrast hazards. Furthermore,
using ADC mapping could differentiate and characterize the
nature of the lesions of the upper urinary tract causing gross
hematuria.Conﬂict of interest
All authors have no conﬂict of interest
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